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The administration of subcutaneous fluid to patients is today in
general and widespread use. The disadvantages of this method of
fluid introduction are: first, the procedure is time consuming; second,
pain and discomfort to the patient are usually considerable due to the
excessive stretching of the skin; and third, the absorption of the
fluid is at times less rapid than the physician would like. In spite
of these disadvantages this procedure is carried out daily in most
surgical and medical wards of any considerable size.
It would appear that most of these disadvantages could be obvi-
ated if some substance were added to the injected solution which
would: (a) cause greater distribution and more rapid absorption of
the fluid; (b) be devoid of toxicity on direct inoculation; (c) not
enhance pre-existing infection; (d) lack antigenic properties, so that
it will not elicit reactions on repeated injection.
The spreading factor from mammalian testicle clearly com-
plies3 14, 15 with the first two requirements. Therefore, it was
thought worth while to study, experimentally, the possibilities of
such a factor for clinical use. The object of this investigation was
to check experimentally the four conditions listed above.
The permeability of subcutaneous tissue and of the blood and
lymph vessels, the rate and volume of flow in these vessels, and
the pressure within the tissues are the important variable factors
concerned in the removal of subcutaneous fluid. The permeability
of blood and lymph vessels is being investigated by several
workers,12, 17, 19, 22 as is the permeability of connective tissue. Tissue
permeability can be altered by various agents, and, although studies
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on physiological and structural changes caused by these agents have
but recently been started,18 it is known that certain of them markedly
increase tissue permeability.
Duran-Reynals has shown that the spreading factor has a most
pronounced effect in increasing the permeability of the skin connec-
tive tissue, as is demonstrated by the enhancement of infections and
the spreading of colored solutions or suspensions when the infectious
agent or the colored matter is injected intradermally along with
extracts containing this factor.3' 8, 14,15 The most important sources
of spreading factor known today are: mammalian testes,3 13 invasive
bacteria,6' 16,20 snake' and other animal venoms," and leech extracts.'
Adequate injections of colored solutions or suspensions mixed with
spreading factor into muscle tendons, into the walls of the stomach
and intestines, etc. result also in a pronounced spreading."0 There-
fore, we are dealing with a general phenomenon affecting the
connective tissues of many organs. Extracts from all the above-
mentioned sources, except mammalian testicle, are toxic in the experi-
mental animal. Duran-Reynals has shown that under certain con-
ditions testicular extract considerably enhances infectious and toxic
processes. However, if the spreading of the infectious or toxic
agent goes beyond a certain point (critical concentration per unit
area) a partial or complete suppression of the lesion will result; this
holds true for most bacteria and toxins,7 but not for filtrable viruses
whose critical concentration is the infective unit.23 The spreading
effect may be demonstrated by comparing the intradermal injection
ofsaline solution with an injection of saline to which a small amount
of testicular extract has been added; in the first, a firm, raised bleb
is produced and persists for many minutes before absorption takes
place, while in the latter case the bleb which is not nearly so raised
or hard disappears in less than a minute-the fluid spreading
through the tissue over a wide area. It has been shown that rabbits
can be sensitized to extracts of testide rich in spreading factor5; however, despite the formation of antibodies, demonstrable in vitro
directed against a particular sample of testicle extract, the same
material increases tissue permeability in the animal used for immuni-
zation to the same extent as in the normal animal.
The preparations containing spreading factor effective in increas-
ing the permeability of the connective tissues are also effective in
increasing the permeability ofthe blood capillaries'0 and it is at least
probable that the same factor is responsible for both actions.
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Materials and methods
Preparation of the spreading factor. Minced, fresh, bull testicle was
extracted with N/I 0 acetic acid and then precipitated with acetone following
the method of Claude and Duran-Reynals.2 A purified powder was obtained
which was suspended in 100 times its volume of normal saline, centrifuged
for 15 min. at 3000 r.p.m., and passed through a Berkefeld N filter. The
filtrate was a clear amber fluid sterile to agar culture. Ten cc. of this
preparation were added to 90 cc. of sterile saline. This 1: 1000 dilution of
the original powder was used in all of the experiments, since this concentra-
tion was shown by assay in the rabbit to be adequate in spreading power.
Method of assay. Dilutions were prepared from the powder in the fol-
lowing strengths: 1: 500, 1: 1000, 1: 5000, 1: 50,000, and 1: 100,000.
Into a tuberculin syringe were drawn 0.25 cc. of India ink diluted 1: 2 and
0.5 cc. of each of the dilutions to be tested, and the resultant mixtures were
injected intracutaneously along both flanks of a rabbit. A mixture of 0.5 cc.
of saline plus 0.25 cc. of India ink was also injected as a control. The
resulting spread was shown by the size of the ink stain. The mixture began
to spread immediately after injection and the resultant spreads were measured
when 24 hours had elapsed. An example of one of the assays is here given,
the figures representing the size of the area over which the ink was spread,
using 6 different dilutions of testicular extract and a saline control.
Areaofspread,
in sq. cm., 24
Extract concentration hoursafterinjection
1:500 ................ ................................ 21
1:1,000 .................. .............................. 18
1:5,000 .................. .............................. 1 5
1:10,000 ................... ............................ 12
1:50,000 ..................... ........................... I I
1:100,000 ...................... .......................... 9
saline control ............................... ................. 6
General method used for clyses. Young albino rabbits, 1.5 to 2.3 kg.
in weight, were treated in pairs. The needle was passed under the skin just
to the side of the midabdominal line. The temperature of the fluid and its
rate of flow, as well as the locus of introduction, were rendered as similar as
possible in both cases. Recordings of the rate of flow were taken at intervals
of 2 or 3 minutes. The absorption time was judged by palpation and inspec-
tion of the subcutaneous fluid mass. The time required for the large initial
swelling to subside to a few wrinkles in the skin of the abdomen is that
recorded as "absorption time" in Table 1.
Experimental
The effect of testicle extract on the rate of absorption of the
injected fluid was first investigated. Several experiments were car-
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ried out in the following manner: Using the technic described above
six pairs of rabbits were treated, one animal of each pair receiving
saline alone, the other the 1: 1000 saline testide extract solution.
In some cases the rabbits were treated a second time, both animals
receiving only normal saline. Generally, this was done about 12
hours after absorption had occurred in the animal of the pair in
which absorption had been most delayed. In the case of the first
pair of rabbits the second clysis was given before the first one had
been completely absorbed, 24 hours having passed between the two
clyses. Results are given in Table 1.
TABLE I
THE EFFECT OF TESTICLE EXTRACT ON THE RATE OF ABSORPTION OF
SALINE SOLUTION INJECTED SUBCUTANEOUSLY
First Clysis
Length Amount of
of pro- fluid in-
Second Clysis
(Control: No Testicle Extract)
Ab- Ab- A
sorp- Length Amount of sorp- i
tion of pro- fluid in- tion
Interval
betweew
clyses
ment cedure troduced time cedure troduced time 1 and 2
min. cc. hrs. min. cc. hrs. hrs.
Saline alone 97 150 20
1 30 not done 24 4
Saline with T E 170 180 12
Saline alone 100 40 180 25
2 19 14 48
Saline with T E 130 16 175 23
Saline alone 120 35 160 15
3 12 16 48
Saline with T E 180 15 160 16
Saline alone 145 24 135
4 13 8 not done 36
Saline with T E 185 12 130
Saline alone 85 19
5 16
Saline with T E 175 14
Saline alone 90 24
6 12
Saline with T E 200 18
Experi-
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It is evident that the addition of testicle extract to the saline
solution considerably accelerated the rate of absorption of the mate-
rial injected.
In the first experiment the animal which had received testicle
extract 24 hours before absorbed his second clysis faster than did the
control animal; this lends further evidence to the results of Duran-
Reynals which show that the spreading effect of testicle extract
injected in the skin persists for from 24 to 36 hours.4' 21
In experiments 1 and 2 the animals used were older and larger,
and the longer introduction and absorption times in these two pairs
as compared with the other animals were probably due to the less
flexible nature of their skin and subcutaneous tissue.
The animals receiving testicle extract did not display any unto-
ward reactions. In fact, they seemed less disturbed than did those
animals injected with saline alone. The reason for this was evident
on an appraisal of the subcutaneous fluid masses in each type of clysis.
Those which had testicle extract added were flattened, widespread,
and soft, while those of saline alone were well circumscribed, hemi-
spherical, and tense to palpation, thus causing much stretching of
the skin.
These experiments show that the addition of small amounts of
testicular extract to saline solution reduces the time necessary for the
introduction of a given amount of solution, increases its spread, and
speeds its absorption. It causes no toxic symptoms in the rabbit.
These effects of the testicle extract can be demonstrated in modified
form as long as 24 hours after its introduction in vivo. Therefore,
the first two of the four conditions required for the clinical use of a
substance facilitating clysis are fulfilled by testicle extract.
There remained the possibility that saline solutions containing
testicle extract might enhance a pre-existing infection. Hence, 4
rabbits were injected intradermally in the flank with 0.1 cc. of a
saline suspension of an 18-hour culture of Staphylococcus aureus.
After 24 hours lesions about 8 sq. cm. developed. These consisted
of a necrotic center surrounded by a broad zone of erythema. The
rabbits were then treated in the opposite flank by injection of the
test solutions, 2 receiving saline solution with testicle extract, 2 the
saline solution alone. Before clyses were started and at various
intervals thereafter the lesions were observed and recorded and
rectal temperatures ofthe animals were taken. In no case was there
the slightest indication that the introduction of testicle extract either
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aggravated the pre-existing local lesion or provoked a thermic reac-
tion. In one case the injected solution containing testicle extract
spread to the opposite flank invading the zone of erythema of the
lesion; nevertheless, this lesion was not aggravated and it healed as
promptly as the others.
Therefore, absence of significant differences in the lesions or in
the objective behavior or temperatures of the rabbits shows that the
infection was not enhanced or impeded by the presence of testicle
extract in an area apart from the infected skin. Thus, the third
condition seems to be fulfilled by testicle extract.
Finally, the antigenic and sensitizing properties of the testicle
extract were investigated. Four of the rabbits twice treated with
saline solution containing testicle extract were injected intradermally
with 0.1 cc. of a 1: 100 solution of the extract; this was done 10 days
after the last clysis. At no time was a local or generalized reaction
induced.
Two of the same rabbits were then immunized over a period
of 2 weeks by intravenous injection of a total of 50 cc. of 1: 100
testicle extract, while the other 2 animals received the same amount
subcutaneously. Nine days after the last injection the rabbits were
again tested for sensitiveness by intradermal injections of the extract
diluted from 1: 10 to 1: 10,000. Acute local reactions, with pro-
nounced edema and erythema, resulted in every case. However,
when the animals were injected intradermally with testicle extract
plus India ink the resultant spread did not differ from that induced
by the same injection in normal animals.
Sera from the immunized rabbits were tested for precipitins
against testicle extract. Dilutions of the extract from 1: 2 to 1: 500
were mixed with an equal volume of immune serum and incubated
for 2 hours at 370 and overnight in the refrigerator. Analogous
mixtures were prepared with normal rabbit serum. Pronounced
flocculation and precipitation occurred in the mixtures containing the
most concentrated extracts, while the reaction was still noticeable
at the highest dilutions. No reaction was observed when normal
serum was used.
Therefore, the preparation of testicle extract used in this investi-
gation is capable of inducing the formation of antibodies and of
eliciting local reactions on re-injection only after immunization with
large amounts of the material. The extract, as injected when a
rabbit is given a saline-extract clysis, has no antigenic effect.
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Summary and discussion
Of the four conditions listed as essential qualities in a substance
to be added to the solutions used clinically for clyses, testicle extract
seems to fulfill three. It has been shown that it promotes rapid
spreading and quick absorption of saline solution injected subcutane-
ously,,it is not toxic, and it does not enhance previously existing skin
infection. However, the extract proved to be antigenic and when
injected in large amounts it induced pronounced antibody formation
and elicited skin sensitiveness on re-injection. Although it is true
that such phenomena were not induced by the small amounts of
extract used in two successive clyses, the fact that large amounts
can induce them is enough evidence for precluding its clinical use.
But, if testicle extract is undoubtedly antigenic, it is very doubtful5
that the spreading factor is so. Preparations of such factor much
more purified than those used in the present investigation can be
easily obtained and if the antigenic power of such preparations is
nil or negligible, future clinical use of the spreading factor may be
anticipated.
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